Oxidative stress and disturbed glutamate transport in spinal muscular atrophy.
Spinal muscular atrophy (SMA) is a hereditary motor neuron disease, and three clinical subtypes of autosomal recessive SMA, including Werdnig Hoffmann disease (type 1), have been shown to be induced by deletion within the same genes. In order to clarify the pathogenesis of motor neuron degeneration in SMA, we immunohistochemically examine the expressions of oxidative stress-related materials (oxidative products) and glutamate transporters, which can prevent glutamate neurotoxicity, in five autopsy cases of SMA type 1. Age-matched controls did not show any deposition of oxidative products in the brain. In contrast, the abnormal deposition of 4-hydroxy-2-nonenal-modified protein, a product of membrane lipid oxidation, was observed in the spinal motor neurons in three cases, although the motor neurons did not show an increase of nitrotyrosine, which was observed in adult-onset amyotrophic lateral sclerosis. In addition, the nuclei of neurons and glial cells in the precentral gyrus, thalamus or cerebellar cortex were immunoreactive for 8-hydroxy-2'-deoxyguanosine in two cases, which was one of the most commonly used markers for oxidative DNA damage. Regarding glial glutamate transporters, three of five cases of SMA type 1 showed a reduction in immunoreactivity for excitatory amino acid transporter-1 (GLAST) in the ventrolateral nucleus of the thalamus, in which there was neither neuronal loss nor gliosis in routine histochemistry. One case, having mechanical ventilation, demonstrated a reduced expression of another glial glutamate transporter (GLT-1) throughout the central nervous system. These data suggest that oxidative stress and disturbed glutamate transport can partly be involved in the motor neuron devastation and/or latent thalamic degeneration in SMA type 1.